Introduction
Transcription is controlled by a set of functional DNA sites realizing specific functions through interaction with the relevant proteins: transcription factors (Latchman, 1995) . The experimental data on DNA sequences and functions of thousands of transcription factor binding sites are currently accumulated within various databases. The best-known databases in this intensively developed area are EMBL Data Library (Stoesser et al., 1998) , TRANSFAC (Heinemeyer et al., 1999) , TRRD (Kolchanov et al., 1999) , EpoDB (Stoeckert et al., 1999) , EPD (Perier et al., 1999) and RegulonDB (Salgado et al., 1999) . All of them are initial sources of information for developing the methods for transcription factor binding site recognition.
Since the probabilistic information content was first applied to recognizing the functional DNA sites (Schneider et al., 1986) , and then Berg and von Hippel (1987) developed the statistical-mechanical theory on the proteins binding DNA sites, the weight matrix-based approach remains dominant up to now. Hundreds of the weight matrix variants for transcription factor binding site recognition have been calculated and successfully applied. For example, the commonly accepted MatInspector (Quandt et al., 1995) is currently manipulating over 200 weight matrices of this type. Among the recently developed tools for transcription factor binding site recognition, Object-Oriented Transcription Factors Database OOTFD (Ghosh, 1998) , Matrix Search (Chen et al., 1995) , TESS (Stoeckert et al., 1999) , the TRANSFAC-based expert system (Heinemeyer et al., 1999) , DPInteract (Robison et al., 1998) and RegulonDB (Salgado et al., 1999) are widely used. Nevertheless, recent evaluation of computer tools for transcription factor binding site recognition within genomic DNA (Roulet et al., 1998) indicated that the current site recognition tools are typically better correlated with each other rather than with DNA-protein affinity magnitudes. It follows that the problem of developing the methods for transcription factor binding site recognition in DNA sequences coming from probabilistic and statistical mechanics backgrounds based on the site evolution origin paradigm should deal with molecular mechanisms of DNA-protein interaction too.
That is why we believe that the sequence-dependent, conformational and physicochemical properties of B-helical DNA may be complementary to the probabilistic properties predominantly considered up to now. Essentially, the increasing volume of experimental data supports the evidence that transcription factor binding site functioning is to a large extent determined by conformational features of DNA (Starr et al., 1995; Meierhans et al., 1997) . Dickerson and Drew (1981) were the first to focus for sequence-conformation relationships in DNA and to obtain the X-ray structures of dodecamers. These structures laid grounds for Calladine's rules for predicting the conformation of B-DNA on the basis of DNA sequence (Calladine and Drew, 1984) . A growing number of crystallographic and physicochemical studies during the last decade propose the local non-similarity of conformational and physicochemical DNA properties, and their dependence on nucleotide context (Grzeskowiak, 1996; Frank et al., 1997; Suzuki et al., 1997) . What are the relationships between sequence-dependent, conformational, physicochemical DNA properties and specificity of site recognition?
Numerous experimental studies of B-DNA helix enable the determination of a considerable number of mean values of conformational and physicochemical parameters of di-and trinucleotides (Gotoh and Tagashira, 1981; Satchwell et al., 1986; Gartenberg and Crothers, 1988; Bolshoy et al., 1991; Sugimoto et al., 1996; Suzuki et al., 1996; Gorin et al., 1995) . The methods based on dependence of DNA conformational features upon the local nucleotide context are applied both for analysis of transcription factor binding sites ( Karas et al., 1996) and extended promoter regions (Baldi et al., 1998) .
It has been previously shown that conformational DNA features may be significant for site functioning (Ponomarenko et al., 1996 (Ponomarenko et al., , 1997a . A computer system ACTIVITY has been developed for analysis of functional site activity (Ponomarenko et al., 1997c) , demonstrating the application of conformational and physicochemical parameters of B-DNA dinucleotides for site activity prediction based on the sequence content (Kolchanov et al., 1998) .
Pursuing these studies, we suggest here an approach for revealing significant conformational and physicochemical features of functional sites implemented in the activated database B-DNA-VIDEO. Since a number of modules developed earlier for SITEVIDEO (Kel et al., 1993) and ACTIVITY systems (Ponomarenko et al., 1997b) are also used in B-DNA-VIDEO, they are described briefly. All the new modules of the system B-DNA-VIDEO are given in detail. We have applied B-DNA-VIDEO to study the sets of various transcription factor binding sites and demonstrated that the binding sites of all transcription factors analysed are characterized by a specific set of significant conformational and physicochemical DNA features. In addition, we have demonstrated how to apply these features to transcription factor binding site recognition.
System and methods
The basic scheme of the system B-DNA-VIDEO is presented in Figure 1 . This system is of 'distributed' type because it consists of the database server, URL = <http://sgi.sscc.ru/>, and the active application server, URL = <http://wwwmgs. bionet.nsc.ru/>.
The active application WWW server is IIS3.0. The B-DNA-VIDEO applications have been implemented in the C language of the ANSI standard, and successfully compiled on the Intel PC platform using the Borland C compiler, Version 4.5, under Windows95.
The database server is NCSA/1.5. The B-DNA-VIDEO databases have been implemented by using the Sequence Retrieval System (SRS) Version 5.1 having the internal version of the programming language ICARUS. These databases have been successfully compiled on the POWER CHALLENGE M platform (Silicon Graphics), under INIX64 Version 6.1.
The major blocks of the B-DNA-VIDEO database part are as follows: the SRS-based user interface; the database SAMPLES on functional site sequences; the database PROPERTY on sequence-dependent conformational and physicochemical B-DNA parameters; the knowledge base B-DNA-FEATURES on significant B-DNA features of the sites. Each B-DNA-FEATURES entry contains both C-programs recognizing the sites within an arbitrary DNA sequence and the hyperlinks to the program executables addressed to the sequence input. For this reason, B-DNA-VIDEO is simultaneously the database system of 'searching for static data' type and, herewith, the WWW-based applet package of 'active computational' type. That is why we have called this mixed 'data/applet' base an 'activated' database. Indeed, this is the novelty. The activated database is available on the WWW (Figure 1 ; solid-lined boxes and arrows).
As is shown in Figure 1 by broken lines, the B-DNA-VIDEO system also contains the knowledge discovery module responsible for detecting significant conformational and physicochemical features of B-DNA functional sites and generation of C-codes for recognition programs. Thus, information extracted from two databases, SAMPLES and PROPERTY, serves as the inputs fitted into the module, whereas the resulting outputs are stored within the B-DNA-FEATURES database. The knowledge discovery module is not WWW accessible because it takes ∼24 h to process an input data set.
SAMPLES, database on functional sites
Nucleotide sequences of transcription factor binding sites are extracted from the EMBL database (Stoesser et al., 1998) , their locations are taken from TRANSFAC (Version 3.2) (Wingender et al., 1997) and TRRD databases (Kolchanov et al., 1999) . Only the sites with the experimentally determined locations within nucleotide sequences were considered. The sequences of each site set were aligned relative to the centre of the footprint or the centre of the sequences satisfying consensus experimentally confirmed by the gel shift analysis, so that the total length of the sequence equals 120 bp. The homologous sequences were excluded. The database of functional sites contains 42 sets of various transcription factor binding sites (Table 1) , described in EMBL-like format compatible with the SRS language for automated query retrieval (Etzold and Argos, 1993) . A unit entry in the database is represented by an individual set. An example of transcription factor binding site description from the SAMPLES database is shown in Figure 2 .
PROPERTY, database on conformational and physicochemical B-DNA properties
Rapidly growing information on context-dependent con- formational and physicochemical DNA properties needs its accumulation in a specialized database, systematization and analysis. For this purpose, we have accumulated the values of conformational and physicochemical B-DNA properties in a PROPERTY database (Table 2 ). An example of the PROPERTY database entry is illustrated in Figure 3 . Let us consider several data fields of this entry. Each PROPERTY entry describes the only B-DNA property, either 'conformational' or 'physicochemical'. This property is entitled by the field PN; its quantitative value assigned to each dsDNA dinucleotide step can be found in the field DINUCLEO-TIDE; the field PU contains the property unit. The field RN links to the database REFERENCE citing the literature sources, from which the property values were taken. A marked dependence of conformational and physicochemical DNA parameters on the local nucleotide context suggests the potential importance of these parameters for the functioning of DNA sites. To demonstrate the importance of B-DNA properties, each PROPERTY entry contains the field WW of the 'GALLERY' type linking to the Web page with the property histograms comparing random DNA and transcription factor binding site sequences. a The set of sites is extracted only from the TRRD database (Kolchanov et al., 1999) . Gorin et al., 1995 Roll for B-DNAs (NDB) Degree -7.0 6.6 Gorin et al., 1995 Slide for B-DNAs (NDB) Angstrom -0.37 1.46 Gorin et al., 1995 Propeller twist for B-DNAs (NDB) Degree -17.3 -6.7 Gorin et al., 1995 Enthalpy change kcal/mol -11.8 -5.6 Sugimoto et al., 1996 Min, Max, minimal and maximal values of the parameter.
Fig.
3. An entry of the PROPERTY database by the example of 'Melting temperature' parameter (Gotoh and Tagashira, 1981) .
Analysis of conformational and physicochemical properties mean values
The algorithms used are similar to those developed previously for analysis of DNA/RNA functional sites' contextual features (Kel et al., 1993; Ponomarenko et al., 1997c) . Let us consider a nucleotide sequence S = {s 1 … s i … s L }, of length L, containing dinucleotide s i s i + 1 at the ith position. The mean value X k of the kth parameter averaged over the region [a; b] (1 ≤ a ≤ b ≤ L) of sequence S is calculated as follows:
Applying equation (1) to the site sequence set {S} at fixed k, a and b yields the distribution X k,a,b {S} for the site sequences. Similarly, the distribution, X k,a,b {R} is generated for random sequences {R} with the same nucleotide frequencies as in the real sequences. The difference between these distributions X k,a,b {S} and X k,a,b {R} is tested for significance using four statistical criteria (Lehman, 1959) : (1) the difference between the means of X k,a,b {S} and X k,a,b {R}; (2) the difference between the variances of X k,a,b {S} and X k,a,b {R}; (3) the difference between the densities of X k,a,b {S} and X k,a,b {R}; (4) the difference between the ranges of X k,a,b {S} and X k,a,b {R}. As the criteria used imply that the tested distributions were Gaussian, two additional criteria were used to confirm it: (5) for X k,a,b {S} and (6) for X k,a,b {R}. To reduce the adverse effects of heterogeneity, these criteria were tested on 100 subsets {S n } and {R n } (1 ≤ n ≤ 100), each randomly retrieved from {S} and {R}, respectively. In terms of fuzzy logic (Zadeh, 1965) , if the difference between the distributions X k,a,b {S n } and X k,a,b {R n } is significant according to the mth criterion (1 ≤ m ≤ 6), then a positive between 0 and 1 is assigned to the partial utility U mn (X k,a,b ); otherwise, a negative between -1 and 0. Hence, the total number of partial utilities is 6 × 100 = 600 {U mn (X k,a,b )}. In terms of decision-making theory (Fishburn, 1970) , the generalized difference between X k,a,b {S} and X k,a,b {R} is the mean of the 600 partial utilities:
Thus, the calculated utility value U(X k,a,b ) is the integral characteristic of the discriminating ability of X k,a,b . It has two important features (Fishburn, 1970) : 
The knowledge base B-DNA-FEATURES
The significant results obtained through the above procedure are stored in the knowledge base of functional sites B-DNA-FEATURES. An entry of this database is exemplified by description of transcription factor HNF1 binding site (Figure 4 ). The name of the site (HNF1) is given in the field NM. The field DR indicates the link to the SAMPLES database, containing the sequences of the site (Figure 2 ). The field PV contains the name of the B-DNA property studied ('Melting temperature'); the field DP links to the B-DNA parameter database, where this property is described and the values are given (Figure 3 ). In our example, the HNF1 binding sites on the region [-21; 4] relative to the centre of the site differ significantly from the random sequences by the mean values of 'Melting temperature'. Utility of this feature is U = 0.867 (UT field). The averaged value of the parameter 'Melting temperature' over the region [-21; 4 ] is 70.68 ± 3.84_C for the control 50% subsets of the site sequences randomly selected (ST field) and 73.55 ± 4.61_C for the random sequences (NT field). The significance of the difference between the site and random sequences estimated by the χ 2 criterion, comparing the empirical distribution (Site) with the theoretical one (Random), is α < 0.005, as illustrated in Figure 5a by the 'Site/Random' difference histogram. Each entry has the field WW of the 'GALLERY' type linking to the 'Site/Random' difference histograms. 
Implementation and results
All 42 sets of transcription factor binding sites from the database SAMPLES were considered. Thirty-eight conformational and physicochemical parameters for dinucleotides from the database PROPERTY were examined. As a result, it was demonstrated that each site represented in B-DNA-VIDEO is characterized by a specific set of significant conformational and physicochemical features. Figure 5 demonstrates the histograms of mean values of the most significant features for several transcription factor binding sites (open columns) in comparison with the random sequences (black columns). Essentially, these histograms were drawn by using only the control sequence sets, of the 'Site' and 'Random' types. So, 'neither DNA sequence used for a histogram was used elsewhere in this work up to now'. As can be seen, each histogram drawn for random sequences corresponds to well-known Gaussian distributions. This is dramatically important because the standard χ 2 criterion comparing the empirical (Site) and theoretical (Random) distributions is applicable (Lehman, 1959) . By using this criterion, the χ 2 estimate for each 'Site/Random' histogram pair was calculated in the standard way, and the statistical significance α of the difference between the site and random sequence was identified. Both χ 2 and α estimates are presented in Figure 5 . So, transcription factor binding sites of three exemplified types, (a) HNF1, (b) AP-1 and (c) PR, differ significantly from the random sequences according to the α level demonstrated. Table 3 presents the most significant features with the highest utilities for some transcription factor binding sites. Location of the region within the site, the averaged values of the parameter in this region and in random sequences, the significance of the difference between these two averaged values, and the utility of this feature for discrimination between the site and random sequence are also indicated in Table 3 . The last two columns of this table give χ 2 and α estimates. One can see that each transcription factor binding site is significantly different from the random sequences by the best B-DNA feature of this site.
Significance of the Site/Random difference in B-DNA feature distributions
The current version of the B-DNA-VIDEO system accumulates >1000 histograms illustrating significant differences in sequence-dependent conformational and physicochemical B-DNA properties between transcription factor binding sites and random DNA sequences.
Site-specific roll angles
The lengths of significant regions vary in range from 10 to 25 bp; this corresponds to 1-2.5 coils of B-DNA helix as well as to mean length of the DNA region, which interacts with transcription factors (see Table 1 , length of footprints). The mean value of the parameter 'Roll in protein-DNA complex' is one of the frequently occurring features with the highest utilities (Table 3 ). This feature is typical for many transcription factors binding sites: AP-1, CREB, EN (engrailed homeodomain), etc. The AP-l sites differ significantly (α < 0.005) from the random sequences by the mean value of the parameter 'Roll in protein-DNA complex' averaged over the region [-5;17] relatively the site centre. The mean value of this parameter is 2.96 ± 0.30_ for AP-1 sites and 2.73 ± 0.30_ for random sequences, respectively. Distributions of this property for the site and random sequences are shown in Figure 5b . Similarly, the value of the roll angle parameter for the CREB transcription factor binding sites is increased in comparison with the random sequences (Table 3) . Significance α was estimated by the χ 2 criterion comparing the empirical distribution (Site) with the theoretical one (Random), degrees of freedom ν = 15. a The results obtained by using the control 50% subsets of the site sequences randomly retrieved from the whole set. b The results for the control 1000 random sequences which were not taken into account for revealing the best features of the site considered.
Essentially, significant roll parameter changes near transcription factor binding sites identified computationally by the B-DNA-VIDEO system are in agreement with independent X-ray data, DNA in Fos-Jun-AP-1 complex (Glover and Harrison, 1995) and GCN4-bZIP-ATF/CREB complex (Keller et al., 1995) . Indeed, the three-dimensional structures cited above are characterized by the increased value of the roll angle. On the other hand, the decreased roll angle demonstrated by the B-DNA-VIDEO system for EN site is also consistent with independent X-ray data on the EN/DNA complex (Kissinger et al., 1990) . Thus, site-specific changes of B-DNA roll angle in the vicinity of transcription factor binding sites detected by the B-DNA-VIDEO system are significant statistically and very consistent with independent X-ray data.
DNA-binding domain-specific twist angles
As significant B-DNA features for a large variety of transcription factor binding sites were revealed by the B-DNA-VIDEO knowledge discovery module and then accumulated in B-DNA-FEATURES knowledge base, an ability to study the novel proteins has unexpectedly appeared. Indeed, it seems interesting to search for transcription factors by discriminating their binding sites on DNA from random sequences on the basis of a predefined B-DNA feature, common for a certain factor. Transcription factors selected by the 'Twist in protein-DNA complex' property significance are listed in Table 4 . As can be seen from the last two columns presenting χ 2 and α estimates, the 'Site/Random' differences in 'Twist in protein-DNA complex' property distributions are significant.
The upper half of Table 4 accumulates transcription factors preferring the lowest mean values of the twist property in the vicinity of the binding sites; the lower half of this table shows the factors binding to the sites characterized by the highest twist angles.
For comparison, TRANSFAC-based classification of transcription factors by DNA-binding domains (Heinemeyer et al., 1999) is given in the second column of Table 4 . Transcription factors of the Superclass #1, Basic Domains, are binding to DNA sites which are characterized both by the 'lowest' mean values of the twist parameter (five factors) as by the 'highest' mean values of this parameter (three factors), calculated respectively random DNA sequences. The similar regularity is observed for the factors of Superclass #4, β-Scaffold contacting Minor Groove. In particular, two factors bind to DNA sites with the lowest twist means, while two others bind to those with the highest ones. a For TBP binding site analysis, DNA sequences of 51 bp long are centred by promoter position -30 (commonly accepted optimal location for the eukaryotic TATA box relative to the transcription start point); the rest of the designations are the same as in Table 3 .
However, all six factors of Superclass #2, Zinc-coordinating, bind only DNA sites surrounded by the region with the low twist values. According to the standard binomial criterion (Lehman, 1952) , the probability of obtaining randomly an event such that out of 23 factors, six factors refer both to Superclass #2 factors and to 13 factors, preferably binding the low twisted DNA, equals 0.033. This probability is less than the standard threshold '0.05' necessary to consider this event significant. Herewith, all five factors of Superclass #3 bind to the highly twisted DNA (Table 4 ). By the above described binomial criterion, the probability of obtaining this event randomly equals 0.016, which is significant for α < 0.05. Moreover, taking into account Fisher's precise criterion for a '2 × 2 table' (Lehman, 1952) , the difference between Superclasses #2 and #3 by the 'lowest' and 'highest' twisted DNA selectivity is significant at α < 0.05, because in this case the probability of random occurrence equals 0.022. As can be seen, all considered statistical tests yield two transcription factor dichotomy classifications, 'Zinc-coordinating/Helix-turn-helix' and 'Low/High'-twisted DNA preference, which correlate significantly.
This result proves that significant conformational and physicochemical B-DNA features of transcription factor binding sites rely on molecular mechanisms of the protein-DNA interaction, whereas the widely used weight matrices rely on the evolutionary origin of protein-DNA binding sites (Berg and von Hippell, 1987) . Hence, two recognition approaches, based on weight matrix (widely adopted) and B-DNA feature (this work), are differing in nature and, therefore, they are complementary. Indeed, this is the novelty. 
TATA box-specific conformational and physicochemical B-DNA features
For eukaryotic TATA box analysis, the promoter DNA sequences were retrieved from the EPD database (Perier et al., 1999) . Afterwards, these sequences were centred by the maxima of the TATA box weight matrix Score (Bucher, 1990) obtained between positions -40 and -20 relative to the transcription start. Next, the sequence positions were renumbered so that position of the TATA box centre with the maximal Score was denoted as 'position 0'. From these centred and repositioned sequences, 51-bp-long fragments between positions -25 and +25 were considered. This data set of 100% size was randomly divided into 50% training and 50% control subsets. The 50% training subset was analysed by B-DNA-VIDEO knowledge discovery module and, finally, identified conformational and physicochemical features were tested for significance on the 50% control subset.
The results obtained are demonstrated in Figure 6 . The B-DNA feature 'Mobility to bend towards Minor groove' averaged between positions -8 and +6 (Figure 6a ; U = 0.924) was found to be the best for the TATA box. As can be seen, the TATA box is characterized by the lower values of this feature than random DNA sequences. This result is consistent with the X-ray data on TBP/TATA complexes (Juo et al., 1996) identifying that the TBP binds the minor DNA groove and bends to the TATA box towards the major groove.
The bend (U = 0.874) and tip (U = 0.817) angles and, besides, Melting temperature (U = 0.766) properties were identified to be significant conformational and physicochemical B-DNA features in the vicinity of the TATA box (Figure 6b, c and d) . The important role of these properties, high bend angle and low melting temperature, confirmed by B-DNA-VIDEO, in the course of TBP/TATA box binding is in agreement with molecular dynamics computational results (Flatters and Lavery, 1998) . This theoretical comparison between two double-stranded oligoDNAs, d(GCGTATATAAAACGC) 2 and d(GCGTAAAAAAAACGC) 2 , has led to the conclusion that the important conformational feature is the bend of the TATA box and, besides, its dynamical flexibility. As can be seen, the high bend angle of the TATA box was really detected in this work, herewith the low melting temperature in the vicinity of the TATA box, the feature reflecting dynamical flexibility of DNA.
As can be seen, the TATA box-specific conformational and physicochemical features detected by the B-DNA-VIDEO system are consistent with commonly accepted X-ray data (Juo et al., 1996) and molecular dynamic computations (Flatters and Lavery, 1998) .
Constructing the profiles of significant conformational and physicochemical features
The B-DNA-VIDEO system design was addressed to simultaneous usage of the system in 'searching for static data' and 'active computation' modes, as can be seen in Figure 7 .
In case recognition of a potential site for binding a given transcription factor within an arbitrary DNA sequence is required, the user can find the corresponding cross-links of SAMPLE and B-DNA-FEATURE databases under the standard SRS-user's Interface (Etzold and Argos, 1993) . The information accumulated in the B-DNA-FEATURES entry may be directly applied for studying DNA sequences entered by a user. As demonstrated in Figure 4 , B-DNA-FEATURES entry addressed to transcription factor binding site recognition contains the fields C-CODE with the C-encoded program calculating significant B-DNA feature values along the sequence given.
The input window of the executable applet presented in Figure 7c can be loaded by clicking the field WW of the 'PROGRAM', as demonstrated in Figure 7b by a solid arrow. Thus, a user may enter a sequence into this applet through the input form entitled 'Input DNA sequence' with three options: (i) 'from Screen', (ii) 'from DB' and (iii) 'from File'. For example, the human apolipoprotein AII gene sequence (EMBL: X04898, HSAPOA2; fragment 180:360) with the experimentally identified HNF1 site documented within the database (Heinemeyer et al., 1999) as 'TRANSFAC: R03260 (270:294)', was entered by using the 'from Screen' option.
The input window contains the list of checkable titles of conformational and physicochemical B-DNA features that have been identified as significant for site recognition by the B-DNA-VIDEO knowledge discovery module. To receive the only feature profile for a given DNA sequence, the user should select the feature from the list and push the button 'EXECUTE', as shown in Figure 7c . As the B-DNA feature significant for HNF1 transcription factor binding site, the lowest 'Melting temperature' mean value averaged over the interval [-21; 4] relative to a potential site centre is illustrated by the profile given in Figure 7d . This profile was plotted as follows: the value under the ith position of the sequence equals the mean melting temperature value averaged over the region [i -21; i + 4] . One can see that the sequence from the control example really possesses the lowest mean melting temperature just in the region of the HNF1 binding site. Analogously, significant B-DNA feature for the HNF1 transcription factor binding site along the exemplified sequence, i.e. the lowest 'Roll in DNA-protein complex' with the mean value averaged over the region [i -21; i + 3] relative to the site centre, is illustrated in Figure 7e . As can be seen, the profile for 'Roll in protein-DNA complex' feature really has the minimum under the HNF1 site location in the sequence considered.
Notably, the list of significant B-DNA features is terminated by the clickable title 'Mean B-DNA-Score' addressed to simultaneous usage of all B-DNA features for site recognition. The generalized recognition profile is calculated as follows. First, all the property-specific profiles differing in units are linearly transformed into the common scale denoted by the mean values '1' for all known sites and '-1' for random sequences; second, these re-scaled profiles are averaged into the generalized profile. We have called this generalized profile the 'Mean B-DNA-FEATURE Score F '. The mean B-DNA-FEATURE Score F profile recognizing the HNF1 transcription factor binding site for the sequence from the control example is given in Figure 7f . In this figure, two dotted arrows pinpoint that the maximum of this generalized recognition profile does, indeed, correspond to the known HNF1 site location.
Finally, the broken arrows in Figure 7 show the pathway interpreting from both property-specific and generalized recognition of the transcription factor binding site that is coming back from the outputted recognition profile to the relevant SAMPLE database entry describing the DNA sequences of the transcription factor binding site under recognition.
As can be seen, the scenario of the B-DNA-VIDEO system is simultaneous usage of both' searching for static data' and 'active computation' modes. Indeed, this is the novelty.
Discussions and conclusions
Since the new investigation abilities supported by the B-DNA-VIDEO system were described above, below we would like to compare the site recognition by the programs included into B-DNA-FEATURES database and some other widely used recognition tools.
Comparison between the B-DNA-FEATURES-based and weight matrix recognition
The above described Figure 7 illustrates the detailed result obtained by the B-DNA-VIDEO system recognizing successfully the known HNF1 site, TRANSFAC: R03260 (270:294), on a 180-bp-long fragment between positions 181 and 360 of DNA sequence from human apolipoprotein AII gene (EMBL: X04898, HSAPOA2). This sequence was not involved in developing B-DNA-FEATURES recognition tools, so it may serve as a control. On complete sequence over 3 kbp long, B-DNA-VIDEO successfully recognized the second known HNF1 site, TRANSFAC: R03253 (603:622), and six 'false-positive' peaks at positions 130, 525, 700, 2000, 2900 and 3200, respectively. Thus, no 'false negatives' and six 'false positives' were detected by B-DNA-VIDEO. This result was compared to those obtained by the commonly accepted weight matrix recognition tool MatInspector (Quandt et al., 1995) , URL=<http://transfac.gbf.de/cgi-bin/matSearch/matsearch.pl>, with predefined thresholds.
On complete sequence of human apolipoprotein AII gene (EMBL: X04898, HSAPOA2), by MatInspector tools, only the second known HNF1 site, TRANSFAC: R03253 (603:622), was recognized, but not the first one, TRANSFAC: R03260 (270:294), which is the 'false-negative' result. Moreover, one 'false-positive' HNF1 in position 391 was recognized. At this position, the C/EBP site documented in the database TRRD (Kolchanov et al., 1999) , accession number #1435, is located. Thus, one 'false-negative' and one 'false-positive' estimates were obtained by MatInspector.
One more example of B-DNA-VIDEO system application is shown in Figure 8 by the example of the α-globin gene cluster sequence (EMBL: S49899, fragment 1:356). The sequence contains two experimentally determined AP-1 transcription Figure 8 , and the remaining five 'false positives', not documented in protein-binding selectivity up to now, are marked by broken arrows. On the sequence considered (EMBL: S49899, fragment 1:356), both known AP-1 sites were recognized by MatInspector tools and, in addition, two 'false positives' were revealed. The first, under position 26, is documented as 'GATA-1', TRRD: Site #1755, whereas the second, under position 309, has not been documented in protein-binding selectivity up to now.
However, the two above comparison results carried out independently provide the evidence that both B-DNA-VIDEO and MatInspector recognition results are to some extent alike by recognition accuracy according to the predefined thresholds.
Interestingly, both tools compared above often recognize 'false positively' already known transcription factor binding sites. Indeed, three already known GATA-1 sites, TRANSFAC: R03438 (109:119), TRANSFAC: R03442 (216:223) and TRANSFAC: R03443 (248:258), were recognized by B-DNA-VIDEO as three 'potential AP-1 sites' on the sequence (EMBL: S49899, fragment 1:356). In addition, experimentally detected GATA-1 site, TRRD: Site #1755, was recognized by MatInspector as 'potential AP-1 site' and experimentally known C/EBP site, TRRD: Site #1435, as 'potential HNF1 site'. According to correlation between two protein classifications, 'by DNA-binding domain' and 'by Twist-selectivity' (Table 4) , this kind of 'false positive' seems to be not so false. This 'false-positive' recognition of non-targeted sites is in accordance with experimental evidence documented in the commonly accepted databases TRANSFAC (Heinemeyer et al., 1999) , TRRD (Kolchanov et al., 1999) and COMPEL (Wingender et al., 1997) . Information on a huge number of regulatory sites being either 'antagonistically' composed or tissue-specific regulatory elements and binding several transcription factors is accumulated in the databases. Moreover, recognition of genomic DNA regions abnormally enriched by transcription factor binding sites may be very informative, e.g. for prediction of 'potential gene networks', which regulate expression of genes located in the large-scale vicinity of the clusters (Wagner, 1997) . Thus, recognition of 'one transcription factor binding site instead of another' may be probabilistic 'false positive', but 'true positive' from a biological point of view. That is why it seems reasonable to denote the recognition of 'one transcription factor binding site instead of another' as 'pseudo-false positive', and try to investigate this potentially interesting computational phenomenon.
Comparison of B-DNA-VIDEO with the tool applying B-DNA properties
The conformational B-DNA properties were first taken into account for recognizing the transcription factor binding sites by Karas et al. (1996) . In this work, potential TATA boxes were recognized on a 450-bp-long sequence entitled 'Yeast CYC1 gene 5 terminus for iso-1-cytochrome C' (EMBL: X03472; M11345). The recognition that resulted was as follows: first, the experimentally identified TATA box was successfully detected; second, four already known 'TATA-like' regions documented by the EMBL entry were recognized too; third, 28 'false positives' were found in the paper cited above.
Since the yeast promoters are not included into the database EPD (Perier et al., 1999) , used for training the B-DNA-VIDEO system for TATA box recognition (see Implementation and results), the yeast sequence (EMBL: X03472; M11345) was considered as the 'control'. This DNA sequence was processed by the B-DNA-VIDEO system by using four TATA box-specific conformational and physicochemical features shown in Figure 6 . The result obtained is demonstrated in Figure 9 . In this figure, the experimental TATA box marked by the bold-faced arrow was successfully recognized; four TATA-like regions marked by solid arrows were recognized too; in addition, four 'false positives' marked by broken arrows were revealed.
As can be seen, the B-DNA-VIDEO system is simply reducing the 'false positives' with respect to the earlier developed B-DNA-relying method (Karas et al., 1996) . The decrease in 'false positives' may be easily explained. Only the 'Minor groove width' feature was taken into account by the Fig. 9 . The B-DNA-VIDEO recognition profiles along the sequence from the yeast CYC1 gene 5-terminus for iso-1-cytochrome C (EMBL: X03472; M11345) with experimentally determined TATA box (bold-faced arrow) and four 'TATA-like' regions (solid arrows). Four 'false positives' (broken arrows) are not interpreted yet.
B-DNA-relying method mentioned above (Karas et al., 1996) . On the contrary, in the B-DNA-VIDEO system, four TATA box-specific B-DNA features shown in Figure 6 were applied for recognition, such as: (a) mobility to bend towards the minor groove, (b) bend angle, (c) tip angle and (d) melting temperature. By B-DNA-VIDEO knowledge discovery module, four B-DNA features listed above were chosen, because these features appeared to be more informative for TATA box recognition than minor groove width, which was also taken into analysis. Indeed, this is the novelty.
Thus, the present work demonstrates the utility of DNA conformational and physicochemical features of functional sites for revealing useful information on the structure and functional organization of the sites. The further development of B-DNA-VIDEO will be based on expanding the database aSAMPLES on functional sites through enlarging the already existing sets of DNA sequences, involving new functional sites, and expanding the database PROPERTY on DNA conformational and physicochemical properties. However, the most promising way in the further advance of the B-DNA-VIDEO database diverges in two directions. First, we plan to use more information on significant conformational and physicochemical features for functional site recognition. Second, we plan to develop new methods for analysis of the conformational and physicochemical feature profiles along DNA. Such analysis allows insight to be made into the fine structure of functional site organization and to provide an approach applying feature profiles for site recognition.
